US006177900B1

a2 United States Patent (10) Patent No.: US 6,177,900 B1
Nakaigawa 45) Date of Patent: Jan. 23, 2001
(54) CIRCUIT FOR SELECTING ONE OF 5,243,348 *  9/1993 Jackson ........cceeeeeeiiiiiiiiiennnenns 341/64

DIVIDED ENCODERS FOR ANALOG TO 5,252,974 * 10/1993 Gulczynski ......ccceveevveevenn... 341/142

DIGITAL CONVERTER 5,877,720 *  3/1999 Setty et al. ....ccoceveireenninianns 341/159

5,955,980 * 9/1999 Hanna ...........ccccoeeeveerninnnnnnn. 341/120
(75) Inventor: Sachio Nakaigawa, Tokyo (JP)
FOREIGN PATENT DOCUMENTS
(73) Assignee: NEC Corporation, Tokyo (JP)
5-75643  3/1993 (JP).
( ¥ ) Notice: Under 35 U.S.C. 154(])), the term of this 0-86672 1/1997 (IP) .
patent shall be extended for 0 days.
* cited by examiner
(21) Appl. No.: 09/197,041
22) Filed: . 20, 1998
(22) File Nov. 20, Primary Fxaminer—Peguy Jean Pierre
(30) Foreign Application Priority Data
(57) ABSTRACT
Nov. 21, 1997  (JP) rreeieiieetiteeeeee e e, 9-338104

(51) I0te CL7 oo HO3M 1/36 /A0 encoder is divided into plural decoders, and one of the

(52) US.CL s
(58) Field of Search

veverrennneee 341/160; 341/155

341/155, 161,
341/163, 160

References Cited

U.S. PATENT DOCUMENTS
5,155,489 * 10/1992 Gulczynski

(56)

341/160

plural decoders 1s selected 1n accordance with a level of a
thermometric data which 1s dependent on a level of an
analog signal to be converted to a digital signal. The digital
signal 1s determined by bit signals supplied from the selected
encoder. For this structure, the non-selected decoders are not
necessary to be pre-charged.

4 Claims, 9 Drawing Sheets

1 ANALOG SIGNAL INPUT TERMINAL

6

2 RESISTANCE LADDER

2

3 CMPARATOR

o1 UPPER ENCODER

» 16 THERMOMETRIC MSB 2
i 4 LEVEL 55b;} 5o |o
R | CONVERTER b olof Lo o Lo o
52 LOWER ENCODER 2 s N NI W N, W
2 THERMOMETRIC LSB 15 . L/C " & |o
R R —GTD— —GTD-u
5b ma) o ¥ W N
50_& — Y i B
—z ba L/C n ’ \l >— L/C $ - el
i ) ¥ —C O —0 O—
J"HT N o G R R D T,«, | Tr
ﬁTf 0 L/C ‘< [l g >_ L/C Jo
4" Fahy Farh - TFL 1 )
q ) T r T, 12 )
R :3' . D‘_@‘* * L/C —< :’ ‘: >_L L/C +
er :*WT ) q
~7a +7b +7cC
—6c bbb 64 2/
< > LOWER SWITCH 4~ 1 ¢
T — 8 UPPER SWITCH - _
Ja— —8a
9b— —~8b
9c— S —~8¢ /

|
6 LOWER DATA LINE

WYy

I,

10 DIGITAL SIGNAL

|
7 UPPER DATA LINE



US 6,177,900 B1

Sheet 1 of 9

Jan. 23, 2001

U.S. Patent

FIG. T PRIOR ART

118 CODE SELECTION SIGNAL TERMINAL

A
-
&
< O 0 mwm —
O = O an g —%
o = = O OZ <= D&r--------=-=mmm,
<P o = = o< SO =1
LL o 2= ODR ZxX 555X 5 &
oDE <z L= U= 5538 77
—Fx 580 ~Ox = QSO_I__
— Q. — QO W — D) = — N~---"~"41 _T____J_.___T__,
_ .I. llllllllllllllllllllllllllllllll L . e M e B I
__
1 T Y o ey NS QUSRI ot R Fq---
“ 0 HQWW T J
v _ — (1) .
W RS
o o SN <=
O _.\lBlﬂL . IM_
Z - )
o, L —
el —== =
=l el —E= MI — |
! . — O
<+ i
oy~ -
NCAEE SRR S R A A Ty
v O
O
O O
0 =
— L}

!
\

133 1st ENCODER

138 AND CIRCUIT

137
BIT LINE
DIVISIONAL

BUFFER



US 6,177,900 B1

Sheet 2 of 9

Jan. 23, 2001

U.S. Patent

NI V1V d3ddNn _m

TVNIIS TVLIDId Ol

TYNINGSL LNdNE TYNDIS DOTIVNY |

AN VAVQ 93M0T 9

| TTDH
29— 09— 09—
IR EAEAS
$ & &
; £
ﬂ wL kftﬁ T
Je
2
I ag

51 &5 1 Ol LINONYSHL

— — —t) —_—
o _ U8 _
g
T S HOLIMS E&% A 5 HOLIMS ¥IMOT
- ~t
JE NS D
- —— TN
1 T _ _ __w Py, /71 —
S Jal=<iER T 'o— o/
—— e 0
T yHﬁﬂm a3y 2 -
;ﬁoij N .m.ivm‘oj..
o Y
o@ . 0/ ]IA—II
L/ %
L T\m@] [oF mmﬂﬁﬁm%zoo [ d
G Qm | 13Ad 1 ¥ o
N GSW OIMLINOWMIHL 91 | L N L
4O LYYV IO €
43A0INS dddfl 13 4300YT IONYLSISTY 2 D

d30J0ONS 4dMOT 26

¢ Il




JYNDIS TV LI9IC 01

! A
HOLIMS ddddN 8 ﬁ_, 0 HOLIMS ddMOT

INI'T V1V(J d3ddn Nm = } ANV LVA 43M01 9
) { - lj
) &/

US 6,177,900 B1

TVNINGAL LNdNI TYNBIS DOTVYNY |

raie o
¥
&N
- §
S b 0/ A >0/ |
D A .
7 ¥ N [~ o]
0/ IR | 0/ |
\ q | pr————
= _ 0/ [AH_UY > ok
] . . -
E N Py A G1 85T O LINOWYIHL
/ AN 43ITOONT YIMOT 2GS
43IQ0ONT H3ddNn 1§ AT ¥ ji
GSIN D41 INOWIHL 91
HOLYHY WD € .
430av 7 IONYLSISTY 2 @ Jal3VA,

U.S. Patent




AVNDIS TVLBIg 01

L
=
M
2 HOLIMS M3ddn & 6 HOLIMS ¥3IMOT
W., 3NITT VLY ¥3ddN £ INIT VLVA ¥3MOT w
. :
Z R
|
A A
=) — 4 f———t—
2 o < T >
N 4!
= 0/ A I >—0/1
= 0/ A S >0
o
B.,, —
- IR R i G1 957 ORI LINOWHTHL
o
S3LMIANOD 43C0ONT 43IMOT 25
_ 43Q0ON3 ¥3ddN 1 BAN Y i
5 9SW OLINOWHIHL 91 |
= HOLVHYIND €
al 4344V 1 IONV1SISTY ¢ “ ,@\h\
7 TYNINYIL LNaNI TYNDIS DOTYNY |
-



US 6,177,900 B1

Sheet 5 of 9

Jan. 23, 2001

U.S. Patent

TVNOIS TV 1I9Id 01
HO LIMS ddddn 8

ANET VLIVA od3ddn £

ik

. 0/ A

¢l

+

3/

0/

0/

g3144ANOD
J4QOONT &dddn LG 13A31 P

doW Old L INOWHIHL 91

dO0LVEVdND €
d3AAV1 IONVLSISTY ¢

M S18ST OdLINOWSIHL

6 HOLIMS d43IMOT

* NI VLIVA ¥3IM0T 9
9

J30J0ONd 43IMO1 26

TVNINGGL LNdNE TYNDIS BOTVYNY | _ Q m\h\




US 6,177,900 B1

Sheet 6 of 9

Jan. 23, 2001

U.S. Patent

SNV IVA 83ddN L
I

AVNDIS TV LIDIC O

Jﬁgzg m

doW o,m_._.mzo_zmmz.r 9l
J0LVHVdND m

13A3T ¥

HOLIMS ¥3ddn 8

6 HILIMS d43IMOT

|

)
0/ AA
4300ON3 )|
puz |
0/7
| o b
(A \&Il
- 31
o T Bl
_.O\q ’
43C0ON3 -
1| -
0/

AN VLIVA d9MO0T 9

(

—

4404V 1 JONVLSIS3Y ¢
TYNINGTL LNdANI TYNBIS DOTYNY

—Qlo—

<

¥

Mirlell

J3J0ONS
pJg

RS

f

-

l/

| 43000N3

Yy

Il]

G1 9S7 OlYLINOWE3HL ﬁ

R,

S

142

9 9l



TYNOIS TV LI9I0 01
g1~ N

US 6,177,900 B1

L]

4°

INTT YLVA 18] 22 37 9 4 ST sz INVIVO WY L7
I & ) v II..I L
- - . ”__ \
- T l7
NTvivapiz L AN 3N VLY Q pig
HO1IMS ¥3ddN 8 5 HOLIMS 4IMOT
Ve EC A
1 A 2181 1171 1
. ) b
: w1 _
r~ /1 g400ONS
3 g
= v 0/7 F—
-
e
m £
“ N 4IA0ONT
5 A ST Ty
) AN
=
A GL 85T OMIIWONSIHL |
*

x d4183ANOD
LG 13AdT ¥

U.S. Patent

dSW OIdL3IWOWY3HL 91

40 LVHVdAD m
430AVT JONV LSIS3H ¢

IVNINGGL NN

—

TVNDIS DOTVYNY

p—" / 9/




y—
o
- LINDYID BNICTOH-Y LV Q LINOYIO BNIGTOH-Y 1V Q
= 9.7 V.2
e~ IYNDIS TV LIBIA 01
— o | 44 Al 4
S bl ) o
% 3ddN HOLIMS
INM VLYA ¥3ddn £ H ww ! E;M y
I A _ D S
4 O N TN
. INIT VLV ¥IMOT 9
= _ |
000 B /71 Lnﬂ w 0/
5 Z 1
7 N [
jl_o’ﬂ A A VI 0/ ..
= — 01
: Bty w—
S I Gl 9ST OIMLINOWNTHL
p
LN 43J0ONT HIMOT 25
4300ONT Y3ddn 1S ELERE, i
SN ORYLINOWNIHL 91 ,

430AV 1 JONVLSISTY 2
IVNINGSL LNdNE TYNDIS DOTVYNY |

JOLVIVdNOD € A D |
8 Ol

U.S. Patent



US 6,177,900 B1

Sheet 9 of 9

Jan. 23, 2001

U.S. Patent

L 1IN0dID T04LNOD NOY¥S g¢

JOLSISNVH1 SON-N

L
JOLSISNVY. SON-4

L1 1IN0dI0 10 LNOD WOYH Ve 2

L 40 9 ANIT V1V(Q

C
0l

U4L04NNOD

&8 O/



US 6,177,900 B1

1

CIRCUIT FOR SELECTING ONE OF
DIVIDED ENCODERS FOR ANALOG TO
DIGITAL CONVERTER

FILED OF THE INVENTION

The present invention relates to a circuit for selecting one
of divided encoders for an analog to digital (A/D) converter,
and more particularly to an A/D converter in which high
speed A/D conversion operation 1s realized and power
consumption 1s decreased.

BACKGROUND OF THE INVENTION

As a conventional A/D converter, for example, Japanese
Patent Application Laid-Open No. 9-8662 discloses an

encoding circuit for an A/D converter having a bit line
divisional buffer, in which bit lines of encoders are divided
into plurality such that the number of transistors connected
to bit lines 1s reduced, so as to reduce a precharging time and
an encoding time of the encoders.

FIG. 1 shows a conventional encoding circuit, wherein the
encoding circuit comprises selection transistors 117 which
serves as selection transistor switches for discharging bit
lines, code selection signal terminals 118 for controlling the
selection transistors 117 by code selection signal, and bit
lines 119 to 121, to each of which selection transistors 117
are connected.

The encoding circuit further comprises bit line precharg-
ing transistors 115, encoding transistors 116, and a control
signal terminal 114 for controlling the precharging transis-
tors 115 by control signals, and the encoding transistors 116
discharge the bit lines 119 to 121, when the selection
transistors 117 are turned on. First and second encoders 133
and 134 are composed of the selection transistors 117, the bit
lines 119 to 121, the precharging transistors 115 and the
encoding transistors 116, respectively.

Encoded signals 135 output from the first encoder 133 are
input to first mput terminals of a bit line divisional buifer
137 comprising AND circuits 138, and encoded signals 136
output from the second encoder 134 are mnput to second
input terminals of the bit line divisional bufier 137.

In the conventional encoding circuit, a charge loaded on
the bit line 1s decreased by dividing the bit lines into plural
encoders, and the logic signals divided 1nto plural groups are
synthesized by a single bit line divisional buffer provided at
the next stage.

Next, operation of the conventional encoding circuit will
be explained.

First, when the control signal mput to the control signal
terminal 114 becomes to L. (low) level, in the first and second
encoders 133 and 134, the respective precharging transistors
115 thereof are switched to ON state and the respective
encoding transistors 116 thereof are switched to OFF state.

Next, all of the bit lines 119 to 121 of the first and second

encoders 133 and 134 are precharged via the precharging
transistors 115 by a power source.

During the period when the control signal of the control
signal terminal 114 1s kept at the L level, data to be converted
are transmitted to the code selection signal terminal 118 (PO
to P7), and it is determined whether the respective selection
transistors 117 should be switched to ON or OFF state in
response thereto. Among the code selection signal terminal
PO to P7, the code selection signal terminal P53 1s connected

to an encoder (not shown), which encodes all of the 3-bits
to be “17.

Then, all of the bit lines 119 to 121 1n the first and second
encoders 133 and 134 are sufficiently charged, and the states
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2

of the respective selection transistors 117 are determined
such that the data should be converted 1nto a desired binary
code. Thereafter, the control signal mput to the control
signal terminal 114 becomes to H (high) level, and the
selection transistors 117 are switched to ON or OFF state 1n
response to a signal “1” or “0” which 1s input to the code
selection signal terminals PO to P7, then some of the bit lines
are discharged by the selection transistors 117 of the ON
state and the encoding transistor 116 which 1s turned on.

Encoded signals 135 (D10 to D12) and 136 (D20 to D22)
are output from the first and second encoders, respectively.
Finally, the encoded signals 135 and 136 are input to the bat
line divisional buffer 136, and signals synthesized thereat are

output as a desired binary code signal from digital signal
output terminals 122 (GO to G2).

However, according to the conventional bit line divisional
encoding circuit, there are following disadvantages.

The first disadvantage 1s that when data to be converted
arc provided 1 a certain order, some of bit lines are
unnecessarily precharged, so that the electric power 1s
excessively consumed.

The second disadvantage 1s that since divided data should
be synthesized, time delay 1s occurred at a logic signal-
sythesizing circuit.

The third disadvantage 1s that an operation state requires
two steps of precharging period and active (discharging)
period. Accordingly, for the purpose of conducting a con-
verting operation with a higher speed, time duration of the
active period 1 which the data 1s fixed can not help being,
excessively reduced, or a converting operation speed for the
whole A/D converting circuit 1s determined by the structure
of the encoding circuit.

The fourth disadvantage 1s that, since the bit lines may be
at floating state 1 some case during the active period, it
becomes ditficult to apply the encoding circuit to operation
requiring only the low-speed conversion, thereby reducing
freedom of circuit design.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the mmvention 1s to provide
a circuit for selecting one of divided encoders for an A/D
converter, 1n which the operating speed 1s 1improved, and at
the same time, unnecessary power consumption 1S pre-
vented.

It 1s another object of the mnvention to provide a circuit for
selecting one of divided encoders for an A/D converter for
which freedom of circuit design 1s high.

According to the invention, a circuit for selecting one of
divided encoders for an A/D converter, comprises:

means for generating a thermometric code of plural bits
having a level determined by a level of an analog signal
to be converted to a digital signals;

first to Nth encoders for encoding the thermometric code
to provide the digital signal, each of the first to Nth
encoders being supplied with a corresponding group of
bits obtained by dividing the plural bits of the thermo-
metric code by N, where N 1s an integer equal to or
more than 2; and

means for selecting one of the first to Nth encoders 1n

accordance with a high or low level state(s) of a bit(s)

at an (N-1)-dividing position(s) in division of the

plural bits of the thermometric code by N, the one of the

first to Nth encoders providing the digital signal con-
verted from the analog signal.

According to the invention, since a logic signal-

synthesizing circuit after dividing data lines 1s no longer
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necessary, a high speed operation with lower power con-
sumption can be realized.

Further, according to the invention, since encoders are
generally operated exclusively or independently from the
other circuits, by supplying parts of a thermometric code as
control signals output from comparators at a previous stage
to divided encoders, the encoding bit lines are not pre-
charged unnecessarily and the power consumption can be
reduced.

Still further, according to the invention, since the ther-
mometric code 1s directly provided as control signals for
divided encoders, an encoder-dividing control circuit can be
simplified.

The divided encoders and data line-dividing circuit are
provided, so that 1t 1s not necessary to provide a complicated
timing design, which has been required for the conventional
high-speed A/D converter, and 1t 1s possible to apply a static
type logic circuit to a low-speed A/D converter device.
Namely, the freedom of circuit design can be 1mproved.

BRIEF DESCRIPTION OF THE DRAWING

The 1nvention will be explained 1n more detail 1n con-
junction with appended drawings, wherein:

FIG. 1 1s a circuitry diagram showing a conventional bit
line division encoding circuit;
FIG. 2 1s a circuitry diagram showing a circuit for

selecting one of divided encoders for an A/D converter 1n a
first preferred embodiment according to the invention;

FIG. 3 1s a circuitry diagram showing a circuit for
selecting one of divided encoders for an A/D converter 1n a
second preferred embodiment according to the invention;

FIG. 4 1s a circuitry diagram showing a circuit for
selecting one of divided encoders for an A/D converter 1n a
third preferred embodiment according to the invention;

FIG. 5 1s a circuitry diagram showing a circuit for
selecting one of divided encoders for an A/D converter 1n a
fourth preferred embodiment according to the invention;

FIG. 6 1s a circuifry diagram showing a circuit for
selecting one of divided encoders for an A/D converter 1n a
fifth preferred embodiment according to the invention;

FIG. 7 1s a circuitry diagram showing a circuit for
selecting one of divided encoders for an A/D converter 1n a
sixth preferred embodiment according to the invention; and

FIGS. 8A and 8B are circuitry diagrams showing a circuit
for selecting one of divided encoders for an A/D converter
in a seventh preferred embodiment according to the inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 2 shows a circuit for selecting one of divided
encoders for an A/D converter 1n a first preferred embodi-
ment according to the invention.

In FIG. 2, an analog signal 1s input to an analog signal
mput terminal 1 of a resistance ladder 2. Each of taps
(resistance nodal points) of the resistance ladder 2 is con-
nected to each of (-) input terminals of comparators 3, on the
other hand, the analog signal is input to (+) input terminals
of the comparators 3, and output terminals of the compara-
tors 3 are connected to level converters (L/C) 4.

Output terminals of the level converters 4 are connected
to an upper encoder 51 and a lower encoder 52, which are
provided for realizing a desired encoding operation, and the
upper and lower encoders 51 and 52 are connected to upper
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4

and lower data lines 6 and 7, respectively. Each of the level
converters 4 converts an output level of a corresponding
comparator 3 to a level which 1s appropriate to be processed
in the upper and lower encoders 51 and 52.

The upper and lower data lines 6 (6a to 6¢) and 7 (7a to
7c) are connected to first terminals of upper and lower
switches 8 (8a to 8c) and 9 (9a to 9Yc), respectively, and a
digital signal 10 of three bits 1s output from nodal points

between second terminals of the upper and lower switches 8
and 9.

In general, with considering the encoding precision, the
comparators 3, the level converters 4, the upper and lower
encoders 51 and 52, and the upper and lower encoder data
lines 6 and 7 are provided at an outer periphery of the
resistance ladder 2 so as to surround the resistance ladder 2

in the aforementioned order, in the circuit configuration as
shown 1 FIG. 2.

Next, a signal from a bit 12 having a predetermined level
(output signal of the mediate comparator 3) of a thermo-
metric code 1s input to an input terminal of a division control
circuit 11, and first and second complementary control
signals 13, 14 are output from output terminals of the control
division circuit 11. The first complementary control signal
14 1s provided for controlling the upper switch 8 and the
second complementary control signal 13 i1s provided for
controlling the lower switch 9.

Herein, a thermometric MSB 16 1s a most significant bit
of the thermometric code and a thermometric LSB 15 1s a
least significant bit of the thermometric code.

Next, a comparator terminal for the bit 12 outputting a
predetermined level of the thermometric code 1s selected 1n
accordance with the divisional number, as explained below.
When an encoder 1s divided into two, a comparator output
terminal 1s selected having a half value of the thermometric
code. When an encoder 1s divided into three, comparator
output terminals are selected having Y5 and 73 values of the
thermometric code. In general, an encoder 1s divided 1nto a
divisional number N, comparator output terminals having
1/N, 2/N, . .. (N=1)/N values of the thermometric code are

selected for providing the control signals.

In FIG. 2, each of the upper and lower encoders 51 and 52
comprises exclusive OR circuits Sa, power supplies 5b, and
switching transistors Sc. The upper and lower encoders 51
and 52 comprise bit lines 7a, 7b and 7c, and 64, 65 and 6c,
and the upper and lower switches 8 and 9 comprise bit line
switches 8a, 8b and 8¢, and 9a, 95 and 9Yc, respectively.

In operation, an analog data signal, which 1s mput from
the analog signal iput terminal 1, 1s converted into a
thermometric code by the resistance ladder 2 and the com-
parators 3 1n accordance with the magnitude of the value
thereof.

Next, the thermometric code 1s converted into a desired
binary code by the level converters 4 and the upper and
lower encoders S1 and 52.

When the bit signal 12 of the thermometric code 1s low,
the lower encoder 52 connected to the lower data lines 6 1s
activated, and the upper encoder 51 connected to the upper
data lines 7 1s non-activated. In the similar manner, when the
bit signal 12 of the thermometric code 1s high, the upper
encoder 51 connected to the upper data lines 7 1s activated.

Namely, 1t 1s possible to judge previously whether the
converted binary data 1s determined by the lower encoder 52
connected to the lower data lines 6 or the upper encoder 51
connected to the upper data lines 7, in accordance with the
bit signal 12 having a half value (central value) of the
thermometric code, which 1s expressed as “0” or “1”.
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This judging function 1s conducted by the division control
circuit 11, the control signals 13 and 14, and the upper and
lower switches 8 and 9.

In operation, when a digital signal 1s determined by the
lower data line 6 by the function of the bit signal 12 and the
control circuit 11, the control signal 14 1s mactive to turn the
upper switch 8 to OFF state, on the other hand, the control
signal 13 1s active to turn the lower switch 9 to ON state.
Therefore, before the data of the thermometric code 1s
supplied to the level converters 4 and the upper and lower
encoders 51 and 52, a signal-transmitting path 1s switched
such that the lower data line 6 1s connected to the digital
signal output terminal for outputting the digital signal 10 via
the lower switch 9.

In the similar manner, when the digital signal 1s deter-
mined by the upper data line 7, the control signal 13 1is
switched to inactive state and the lower switch 9 1s switched
to OFF state, on the other hand, the control signal 14 is
switched to active state and the upper switch 8 1s switched
to ON state. Therefore, before the data of the thermometric
code 1s supplied to the level converter 4 and the upper and
lower encoders 51 and 352, a signal-transmitting path 1is
switched such that the upper data line 7 1s connected to the
digital signal output terminal for outputting the digital signal
10 via the upper switch 8.

Accordingly, by previously separating the unnecessary
encoder 51 or 52 before the upper and lower encoders 51 and
52 reverse the upper and lower data lines 7 and 8, load of the
data lines 1s lowered, so that high speed operation with low
power consumption can be realized.

FIG. 3 shows a circuit for selecting one of divided
encoders for an A/D converter 1n a second preferred embodi-
ment according to the mvention.

In FIG. 3, the circuit comprises an analog signal input
terminal 1, a resistance ladder 2, comparators 3, level
converters 4, upper and lower encoders 51 and 52, 3-bit
upper and lower data lines 6 and 7, upper and lower switches
8 and 9, which are CMOS ftransfer gates composed of
NMOS and PMOS transistors, and a division control circuit
11. Further, in FIG. 3, 10 denotes a digital signal, 12 denotes
a control circuit input signal, and 13 and 14 denote switch
control signals.

In operation, when a bit signal 12 output from the mediam
comparator 3 1s “0”, the control signals 13 and 14 output
from the division control circuit 11 are switched to H level
and L level, respectively, so that the lower switch (transfer
gate) 9 is switched to ON state, and a binary code deter-
mined by the lower encoder 52 1s output via the lower data
line 6 as the digital signal 10 from the digital signal output
terminal.

In the similar manner, when the bit signal 12 output from
the mediam comparator 3 is “1”, the upper switch (transfer
gate) 8 is switched to ON state, and a binary code deter-
mined by the upper encoder 51 1s output via the upper data
line 7 as the digital signal 10 from the digital signal output
terminal.

At this time, the encoder which 1s unnecessary for deter-
mining the digital signal is separated by the upper or lower
switch (transfer gate), load of the data line is lowered, so that
high speed operation and low power consumption can be
realized.

FIG. 4 shows a circuit for selecting one of divided
encoders for an A/D converter 1n a third preferred embodi-
ment according to the invention, in which the upper and
lower switches 8 and 9 are composed of PMOS transistor
switches.
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In FIG. 4, since the upper and lower switches 8 and 9 are
composed of only the PMOS ftransistor switches, load of the
division control circuit 11 can be reduced, so that switching
operation of the upper and lower switches can be conducted
with high speed. Therefore, the high-speed operation of the
whole encoding circuit can be realized, and the power
consumption can be reduced, since the load of the whole
encoding circuit can be reduced.

FIG. 5 shows a circuit for selecting one of divided
encoders for an A/D converter 1n a fourth preferred embodi-
ment according to the invention, in which the upper and
lower switches 8 and 9 are composed of NMOS transistor
switches. The same advantages are obtained as in FIG.4.

FIG. 6 shows a circuit for selecting one of divided
encoders for an A/D converter 1n a {ifth preferred embodi-
ment according to the invention, in which data lines for 3-bat
encoding circuit are divided into four.

In FIG. 6, bit signals 12, 17 and 18 output from three of
the second lowest comparators 3 are mput to the division
control circuits 11. Herein, 19 and 20 denote encoder charge
separating gates.

In operation, when the digital signal 10 1s determined by
a fourth encoder 54, by the function of the bit signal 17
output from the second lowest comparator 3, the encoder
separating gate 19 1s switched to ON state and the fourth
encoder 54 1s connected to the lower data line 6, finally the
signal having the value of the fourth encoder 54 1s output via
the lower switch 9 as a digital signal 10.

Next, when the digital signal 10 1s determined by a second
encoder 52 or a third encoder 53, the encoder separating
cgates 19 and 20 are switched to OFF state, so that load of the
lower and upper data lines 6 and 7 can be reduced.
Therefore, the high speed operation with low power con-
sumption can be realized.

In the similar manner, when the digital signal 10 1s
determined by a first encoder 51, the encoder separating gate
19 1s switched to OFF state, so that the fourth encoder 54 1s
separated from the lower data line 6, at the same time, the
encoder separating gate 20 1s switched to ON state, so that
the first encoder 51 1s connected to the upper data line 7.

Since the data lines are divided into plural, the average
conversion speed and the power consumption can be
improved.

FIG. 7 shows a circuit for selecting one of divided
encoders for an A/D converter 1n a sixth preferred embodi-
ment according to the invention.

In FIG. 7, first to fourth data lines 6, 7, 21, and 22 are
switched by control circuits 23 to 26 and switches 8, 9, 27,
and 28, with using bit signals 12, 17 and 18 output from
three of the comparators 3. The reference numerals 12, 17
and 18 of mput terminals of the control circuits 23 to 26
mean that the bit signals 12, 17 and 18 are applied thereto.

In accordance with the structure having divided data lines,
since the load of the data lines can be reduced, the encoding
operation with high speed and low power consumption can
be realized.

FIG. 8A shows a circuit for selecting one of divided
encoders for an A/D converter in a seventh preferred
embodiment according to the invention, in which data-
holding circuits 27A and 27B are added to the circuit in the
second preferred embodiment shown in FIG. 3. The data-
holding circuits 27A and 27B connected to three bit lines
respectively are provided for preventing the floating of one
of the upper and lower data lines 6 and 7, which 1s separated
from the terminal for the digital signal 10. FIG. 8B shows an
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inner structure of each of the data-holding circuits 27A and
27B, which comprises terminals A and B to which control
signals 13 and 14 are mnput from the control circuit 11,
respectively, and a terminal C to which a bit line data
corresponding to the data line 6 or 7 are applied, and the bit
line data are held in three PMOS transistors and three
NMOS transistors, respectively.

Since the data-holding circuit can be applied for the
circuit having divided encoders of more than two, a dynamic
encoder which has not been appropriately used 1n low speed
operation can be applied to such low sped operation.

The above described divisional method or holding
method can be applied to other apparatus independently of
the difference of the bit number or the code conversion mode
of the output digital code, such as the binary code or the gray
code.

As described above, according to the invention, following
clfects can be obtained.

The first effect of the i1nvention 1s that, by providing a
structure 1n which the high speed operation given by the
division of the data line 1s maintained and a logic signal-
synthesizing circuit 1s omitted, the high speed encoding
operation 1s achieved and the power consumption can be
reduced.

The second effect of the invention 1s that, since parts of
the thermometric code are effectively used as a division
control signal, unnecessary charging and discharging of the
data lines can be reduced and the power consumption can be
reduced.

The third effect of the mvention 1s that, since parts of the
thermometric code are directly used as a division control
signal, the structure of a control circuit can be simplified.

The fourth effect of the invention is that encoders and data
line division circuit can be applied to circuits other than a
dynamic type logic circuit, which requires precharging and
discharging.

Therefore, 1t 1s not necessary to provide a complicated
timing design, which has been required for the high-speed
conversion device using a dynamic type logic circuit as the
encoder, and 1t 1s possible to use a static type logic circuit as
the encoder, which requires a simple timing design. Namely,
the freedom of circuit design can be 1mproved.

Although the mvention has been described in detail with
particular reference to preferred embodiments, but 1t will be
understood that variations and modifications can be effected
within the scope of the invention as set forth in the appended
claims.
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What 1s claimed 1s:
1. A circuit for selecting one of divided encoders for an
A/D converter, comprising:

means for generating a thermometric code of plural bits
having a level determined by a level of an analog signal
to be converted to a digital signals;

first to Nth encoders for encoding said thermometric code
to provide said digital signal, each of said first to Nth
encoders being supplied with a corresponding group of
bits obtained by dividing said plural bits of said ther-
mometric code by N, where N 1s an integer equal to or
more than 2; and

means for selecting one of said first to Nth encoders 1n
accordance with a high or low level state(s) of a bit(s)
at an (N-1)-dividing position(s) in division of said
plural bits of said thermometric code by N, said one of
said first to Nth encoders providing said digital signal
converted from said analog signal.

2. The circuit as defined in claim 1, wherein:

said selecting means, comprises:

first to Nth data lines connected to outputs of said first
to Nth encoders;

an output date line for providing said digital signal; and

switches for connecting one of said first to Nth data
lines to said output data line 1n accordance with said
high or low level state(s) of said bit(s) at said
(N-1)-dividing position(s).

3. The circuit as defined in claim 1, wherein:
sald generating means, COmMprises:

a resistance ladder comprising plural resistances con-
nected 1n series between two reference voltages,
cach nodal point of said plural resistances providing
a reference voltage;

plural comparators each connected to a corresponding
one of nodal points of said plural resistances at a first
input thereof and connected to an analog signal 1nput
terminal at a second 1nput thereof, said plural com-
parators generating said thermometric code.

4. The apparatus as defined 1n claim 2, wherein:

cach of said first to Nth data lines comprises a number of
bit lines equal to a bit number of said digital signal,
cach of said bit lines being connected to a data-holding
circuit, said data-holding circuit holding data at a
corresponding bit line of one of said first to Nth data
lines which 1s not connected to said output data line.
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